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Written Reply 
To Mr. Seiji HAMAD A, Examiner at the Patent Office 

1. Identification of the International Application 

PCT/JP2004/005125 

2. Applicant 

Name: MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD. 

Address^ 1006, Oaza Kadoma, Kadoma-shi, Osaka 571*8501 

JAPAN 
Nationality : Jap an 
Residence: Japan 



3. Attorney 

Name: IKEUCHI SATO & PARTNER PATENT 

ATTORNEYS 

Address: 26 th Floor, OAP TOWER, 8-30, Tenmabashi 

1-chome, Kita-ku, Osaka-shi, Osaka 530-6026 
JAPAN 

4. Date of Notification: 06.07.2004 (Mailing date) 

5. Contents of this Argument 

We have received the opinion in accordance with the regulation of 
Article 13 regarding international applications under Patent Cooperation 
Treaty (PCT Rule 66), and would like to respond with the following 
argument. 

(1) In the present invention, claims 1, 7 and 9 are amended and claims 
4, 8 and 10 are cancelled as shown in the attached Written Amendment. 

The amendments in the amended claims 1, 7 and 9 are supported 
by the original claim 4 and the original specification page 6, lines 17-23 (in 
English translation, page 6, lines 21-25) and FIG. 2A. 

(2) The Written Opinion indicates that claims 1-13 lack inventive step. 
(Features of the present invention) 

i. According to the present invention, in a solar cell comprising a 

p-type semiconductor layer having bandgaps at the both ends being at least 
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1.08 eV or 1.17 eV, the p-type semiconductor layer comprises a first region 
at a n-type semiconductor layer side and a second region at a first electrode 
layer side, the bandgap of the p-type semiconductor layer increases in the 
first region at a predetermined increase rate from the n-type semiconductor 
layer side to the first electrode layer side, and increases in the second 
region at an increase rate smaller than the increase rate in the first region 
from the n-type semiconductor layer side to the first electrode layer side. 

ii. According to the above-mentioned configuration, a remarkablie 
effect of obtaining a solar cell with further excellent characteristics such as 
a conversion efficiency is realized. 

iii. It has been known in conventional techniques that, in a so-called 
narrowband solar cell having a p-type semiconductor layer whose bandgap 
is about 1.17 eV or less, a maximum conversion efficiency can be obtained 
due to a so-called double graded bandgap structure, that is, the bandgap of 
the p-type semiconductor layer increases after a temporary decrease from a 
n-type semiconductor layer side to a first electrode layer side. And this 
has been considered to occur in a solar cell with a larger bandgap. 

However, after keen study, the present inventors found that this 
knowledge cannot be applied to a solar cell comprising a p-type 
semiconductor layer whose bandgaps at the both ends are at least 1.08 eV 
and 1.17 eV, and that the bandgap structure of the present invention, that 
is, "the p-type semiconductor layer comprises a first region at the n-type 
semiconductor layer side and a second region at the first electrode layer 
side, the bandgap of the p-type semiconductor layer increases in the first 
region at a predetermined rate from the n-type semiconductor layer side to 
the first electrode side, and increases in the second region at a rate smaller 
than the increase rate in the first region from the n-type semiconductor 
layer side to the first electrode side" serves more to improve the efficiency 
of the solar cell than the double graded structure will do. The present 
invention is based on the finding. 
(Comparison to cited documents) 

i. Dl describes a single graded structure (FIG. 8) where a bandgap of 

a p-type semiconductor layer is from 0.95 to 1.17 eV and the bandgap of the 
p-type semiconductor layer increases at a predetermined change rate, and 
a double graded structure (FIG. 10) where the bandgap of the p-type 
semiconductor layer once decreases at a predetermined change rate and 
then increases again. 
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However, Dl is silent about the bandgap structure according to the 
present invention, namely a bandgap "that increases at a predetermined 
increase rate in a first region and increases in a second region at an 
increase rate smaller than the increase rate in the first region from a 
n-type semiconductor layer side to a first electrode layer side", and the 
effects. 

ii. D2 describes only a solar cell where a bandgap of the p-type 
semiconductor layer is from 1.04 to 1.68 eV, but D2 is silent about a 
structure and effects of the bandgap of the p-type semiconductor layer. 

iii. D3 describes a double graded structure (FIG. 6) where a bandgap of 
a p-type semiconductor layer decreases once at a predetermined change 
rate and then increases again. 

However, the document is silent about the configuration and effect 
of the present invention. 

iv. D4 describes a double graded structure (FIG. 4) where a bandgap of 
the p-type semiconductor layer decreases once at a predetermined change 
rate and then increases again. 

However, the document is silent about the configuration and effect 
of the present invention. 

v. As mentioned above, D1-D4 are silent about the configuration of the 
present invention for a solar cell where a bandgap of the p-type 
semiconductor layer is at least 1.08 eV and 1.17 eV, or the cited documents 
are silent about the effects. Furthermore, in light of conventional 
knowledge that a double graded structure realizes an optimum conversion 
efficiency, we believe that it would not be obvious for any persons skilled in 
the art to obtain the configuration of the present invention based on D1-D4. 

Since the present invention is not described or suggested by any of 
the cited documents and since remarkable effects can be realized due to the 
difference, we believe that the present invention has inventive step. 
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